INTRODUCTION
============

The increasing cultural appeal of beauty has reached great proportions. Good appearance is synonymous with personal and professional success. Dentistry assumes an important role in this search for esthetics.

Tooth discoloration is becoming a greater concern as more emphasis is placed on esthetics. With the growing awareness of esthetic options, there is greater demand for solutions to such unsightly problems as food staining, fluorosis, and tetracycline staining. Bleaching is one of the corrective measures used to treat discolored teeth. Bleaching can be performed internally on nonvital teeth or externally on vital teeth. Hydrogen peroxide, sodium perborate, and carbamide peroxide are generally used for bleaching[@B21],[@B26]. These materials are found effective for bleaching teeth, but side effects of bleaching procedures include changes in tooth structure[@B12],[@B18], microleakage of restorations[@B05], external root resorption, and pulpal irritation[@B17],[@B19].

Bleaching systems offer easy-to-use bleaching agents, essentially using highly concentrated hydrogen peroxide mixed with thickening agents or additional buffering agents, catalysts, or heat-enhancing colorants[@B09]. Over 100 years ago, dental bleaching appeared as a technique for enhancing esthetics[@B06]. Currently, patients constantly request this procedure to overcome some esthetic dissatisfaction related to the color of their teeth, since it provides satisfactory results when well indicated.

The most frequently used substances for bleaching vital teeth are 10% to 37% carbamide peroxide, and 1.5% to 38% hydrogen peroxide, with the more concentrated products reserved for professional use in the dental office[@B16]. Camargo, et al.[@B04] (2007), evaluated the penetration of 38% hydrogen peroxide into the pulp chamber in bovine and human teeth submitted to the office bleaching technique. The teeth were restored with composite resin, conventional glass ionomer cement and resin-modified glass ionomer cement. Those authors found that a higher amount of hydrogen peroxide penetrated into the pulp chamber in resin-modified glass ionomer cements in both the bovine and human groups. Greater bleaching agent penetration into the pulp chamber occurred in human teeth for any experimental situation. The penetration of hydrogen peroxide depends on the restorative material, with human teeth being more susceptible to penetration of the bleaching agent into the pulp chamber than bovine teeth.

In order to accelerate the dental bleaching process, activation sources may be used, such as halogen, laser or light-emitting diode (LED) light. However, these sources may present photothermal effects which, when associated with the chemical effect of the bleaching materials, may cause damage to the pulp tissues.

For Zach and Cohen[@B25], a 3.3°C temperature increase resulted in reversible histological alterations, while an intrapulpal temperature rise of 5.6°C may cause irreversible thermal pulpal damage, including pulp necrosis in 15% of the cases.

Eldeniz, et al.[@B07] assessed the *in vitro* intrapulpal temperature increase induced by 35% hydrogen peroxide when exposed to different sources of light activation: conventional halogen light, high intensity halogen light, LED and diode laser. Those authors found that the diode laser induced significantly higher temperature increases than any other activation unit, while LED produced the least temperature variation.

Since there are few studies addressing the temperature variations in teeth undergoing to bleaching, the purpose of the present study was to evaluate the temperature inside the pulp chamber of teeth subjected to bleaching treatment with 35% hydrogen peroxide, using different sources of activation (Nd:YAG laser, LED and halogen light).

MATERIAL AND METHODS
====================

Twenty-four healthy human molars were used. The teeth were cleaned and had the roots embedded in chemically activated acrylic resin in a silicone mold. After resin polymerization and pumice rubber cup prophylaxis of the tooth crown, the teeth were bisected in a mesiodistal direction (LabCut 1010, Erios, São Paulo, SP, Brazil), producing a buccal and a lingual segment to facilitate access to the pulp chamber for measuring the temperature. The specimens were stored in saline at 37°C for 24 h. The dental structure thickness was measured in the vestibular-lingual direction with the aid of a caliper to distribute the specimens in a paired mode by thickness. The specimens were distributed into 4 groups (n=12) according to the activation mechanism used: Group 1 (control): bleaching gel without light activation; Group 2 (Halogen): bleaching gel + activation with halogen light (XL 3000; 3M/ESPE, St. Paul, MN, USA; 500 mW/cm^2^); Group 3 (LED): bleaching gel + activation with LED (Three Light - 470 nm, Cleanline Produtos Odontológicos, São Paulo, SP, Brazil); Group 4 (Nd:YAG): bleaching gel + activation with high intensity Nd:YAG non-contact laser scanning - 8 Hz, 600 mJ and 0.6 W (Pulse Master 600 IQ; American Dental Technologies, Inc. Corpus Christi, TX, USA).

Before the bleaching treatment, a thermal paste (Implastec; Votorantim Indústria Brasileira, São Paulo, SP, Brazil) was introduced in the pulp chamber, in order to improve thermal conductance. The tip of a digital thermometer (Termopar MT-507; Minipa, São Paulo, SP, Brazil) was then introduced to the pulpal chamber, as closely as possible to the external surface of the tooth.

The bleaching gel used was 35% hydrogen peroxide (Whiteness HP; FGM, Joinville, SC, Brazil), which was applied over the entire enamel area, according to the manufacturer\'s instructions, forming a 0.5-1.0-mm-thick layer and allowing the bleaching agent to remain undisturbed for 1 min. Light application for was done for 20 s, keeping a distance of 5 mm from the gel surface for all the light sources used. A metallic apparatus was built to keep this distance. Before and at the beginning of light activation, the color of the gel was dark-red and turned into clear after removal of the light source.

The temperature inside the pulp chamber was measured before the bleaching gel application (T~0~), 1 min after bleaching gel application (T~1~), during activation of the bleaching gel (T~2~), and after the bleaching agent turned from a dark-red into a clear gel (T~3~). In the control group, the temperatures were obtained in the same way as in the experimental groups, but without activation by a light source. The temperature data obtained were analyzed statistically (Mini-Tab 14.12, 2004) by Dunnett\'s, ANOVA and Tukey\'s tests. Significance level was set at 5% for all analyses.

The maximum temperature variation (MTV) observed in each specimen was calculated using the following equation: MTV = maximum value between (T~1~, T~2~, T~3~) - value of T~0~.

RESULTS
=======

The mean intrapulpal temperature values (°C) in the groups were: G1: 0.617 ± 0.41; G2: 1.800 ± 0.68; G3: 0.975 ± 0.51; and G4: 4.325 ± 1.09 ([Table 1](#t01){ref-type="table"}). The mean MTV recorded in the groups was as follows: 1.5°C (G1), 2.9°C (G2), 1.7°C (G3) and 6.9°C (G4) ([Figure 1](#f01){ref-type="fig"}).When comparing the experimental groups to the control group using the Dunnett\'s, the group whose specimens were activated with the LED light (G3) was not statistically different from G1 (p\>0.05), but the groups activated with halogen light (G2) and Nd:YAG laser (G4) presented significantly higher (p\<0.05) intrapulpal temperatures and MTV. The three experimental groups differed significantly from each other (p\<0.05; ANOVA and Tukey\'s test).

###### Mean intrapulpal temperature values (°C) in the groups

  Groups   N    Mean (±SD)
  -------- ---- ----------------
  G1       12   0.617 ± 0.41 A
  G2       12   1.800 ± 0.68 B
  G3       12   0.975 ± 0.51 A
  G4       12   4.325 ± 1.09 C

Same letter indicate no statistically significant differences among the groups.
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DISCUSSION
==========

The effectiveness of in-office vital bleaching agents has been extensively investigated. However, depending on the technique, bleaching agent concentration and the duration of use, this procedure may cause damage to the pulp tissue. Therefore, the intrapulpal temperature has been a reason of concern[@B23].

Zach and Cohen[@B25] showed that intrapulpal temperature variations greater than 3.3°C resulted in the inicial reversible histologic alterations. Zezell, et al.[@B27] found that, with an increase of 5.5°C, odontoblast destruction begins in the pulp tissue.

In the present study, the mean temperature in the group activated with laser Nd:YAG (4.325°C) was significantly higher than that in the control group (0.617°C); the group activated with halogen light (1.800°C) and the group activated with LED (0.975°C). Despite the lack of light application in the control group, a temperature increase of about 1° C was observed due to the exothermic reaction of the bleaching agent.

Furthermore, in the group activated with laser, some of the specimens presented temperatures up to 6.9°C; an increase sufficient for tissue alterations, including pulpal necrosis. Nevertheless, there were no specimens in the other groups whose temperature values exceeded 3.0°C. Vandewalle, et al.[@B22] assessed the emission of heat from two different light sources and found that there was no significant difference between LED and halogen light, whereas Asmussen and Peutzfeldt[@B01] found that halogen light induced a higher temperature than LED.

Some studies have shown the Nd:YAG laser[@B13],[@B15],[@B24], with one of the concerns about using IT intraorally being its thermal effect, especially on dental pulp[@B16]. White, et al.[@B23] used a Nd:YAG laser to check the temperature variation that occurs inside the pulp chamber. These authors concluded that intrapulpal temperature increased as the laser parameters increased (frequency, type of pulse) and diminished with greater dentin thickness. In the present study, care was taken to standardize the groups with homogeneous dentin thicknesses, as Sulieman, et al.[@B20] found that dentin thickness was a factor that must be considered in intrapulpal temperature variations. The greater the dentin thickness, the better the pulp protects against bleaching agents. Moreover, the defense system could reduce the damage of pulp tissue in relation to temperature increase; therefore, the results obtained *in vitro* can not correspond to *in vivo* results.

The aim of using light sources to help the bleaching procedure is to accelerate the decomposition of hydrogen peroxide, releasing oxidation radicals to break the dark colored molecules. However, the activation sources that generate heat in the dental structure also cause expansion of the liquids inside the dentinal tubules and pulp, which could lead to pulpal hyperemia with consequent post- bleaching hypersensitivity[@B08],[@B10]. In addition, the chemical effect of the oxidation radicals could contribute to greater aggression by the bleaching procedure to the pulp tissue[@B03]. Pulpal changes caused by bleaching agents have been investigated by several authors. Seale, et al.[@B19] (1981) found that histological damage to dog teeth when using hydrogen peroxide alone or with heat is reversible after 60 days. They reported histological evidence of the disappearance of the odontoblastic layer under the treated area, with a dense inflammatory infiltrate and area of scalloped dentin. An intact pulpal blood flow could act as an efficient heat sink, with the pulpal circulation being able to dissipate some of the applied heat before pulpal cells are damaged[@B08].

Another factor that could be associated with post- bleaching hypersensitivity is dehydration of the bleached tooth, which would be more intense when the procedure is associated with heat[@B11]. Heat and light have been used empirically in attempt to catalyze hydrogen peroxide decomposition and speed tooth lightening. Furthermore, the natural dentinal fluid flow from the pulp and through the dental structure was not simulated and this flow could also impede the transfer of heat to the pulpal tissues. The present study demonstrates the potential for pulpal damage with the laser is higher than other procedures and, as such, needs to be used with caution.

The most suitable bleaching agents to use in association with the activation procedure are those with pigments. It is believed they allow greater light absorption by hydrogen peroxide, which results in less transmission of energy to the dental structure, and consequently lower values of temperature transmitted to the pulp tissue, and less post- bleaching hypersensitivity. Nevertheless, further studies are required[@B14] to confirm this possibility.

In the present study, the mechanisms of activation for bleaching procedures had a significant effect on the intrapulpal temperature values, which is in agreement with Baik, et al.[@B02]. The bleaching activation with LED promotes less temperature variation inside the pulp chamber. Thus, the method of activation by LED may be considered safe.

CONCLUSIONS
===========

The results support the views that: 1. The bleaching procedure activated with Nd:YAG laser raises the temperature inside the pulp chamber to levels that could cause severe pulpal damage; 2. Activation with LED was the method with the least temperature rise in the pulp chamber, therefore with the potential of causing less damage to the pulp tissue.
